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Fig.1 The impact of basis function scale radius on lens potential decomposition. A NFW lens potential in 250" is decomposed
by basis functions of m = 0, n € [0, 50] with scale radius of 25"", 30"’ and 35" respectively. The upper panel is the convergence of
the basis function models with different scale radius, and the lower panel is the section diagram comparison of convergence of
the basis function model and the original model. The solid line, dashed line and dotted line represent the reconstructed model,
the original model and the residual between the basis function model and the original model, respectively. x and k¢ are the

convergences of the basis function model and the original model, respectively.
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Fig.2 Decompose the NFW lens potential in Fig. 1 by different numbers of basis functions. The highest order np.x of the basis
functions are 50, 30 and 16, and the scale radius are 30", 40" and 55", respectively. The solid line, dashed line and dotted line
represent the reconstructed model, the original model and the residual between the basis function model and the original model,

respectively.
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Fig.3 The figure displays the lensing potential v, deflection & and convergence k of five basis functions. The (n, m) of basis
functions are (0, 0), (1, 1), (2, 0), (3, 1), (4, 2) from top to bottom. The four columns on the left are the real parts of the basis

functions, and the four columns on the right are the corresponding imaginary parts.
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Fig.5 Convergence of x? in the iterative process. The abscissa is the number of iterations, and the ordinate is the value of x>.
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iteration number.
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Gravitational Lensing Mass Reconstruction Method Based on
Shapelets Basis Functions

LIU Kai-zhou''> ~ WEI Cheng-liang ~ NIE Lin'2

(1 Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210023)
(2 College of Astronomy and Space Science, University of Science and Technology of China, Hefei 230026)

AsstracT The gravitational lensing effect is one of the most effective probes for detecting the distribu-
tion of mass in galaxy clusters. To date, the methods of gravitational lensing mass reconstructions can be
divided into two categories, parametric methods and non-parametric methods. However, due to the model
assumptions and computational resolution, the available reconstruction methods still have a number of
problems that need to be solved. The method of gravitational lens mass reconstruction based on Shapelets
basis function is used to reconstruct the gravitational lens mass. The Shapelets basis function is used to
decompose the gravitational lens potential, and the basis function coefficients are iteratively calculated
by the constraints of the multiple image position and the background galaxy ellipticity distortion of grav-
itational lensing. The new method is validated by fitting the mock data from NFW (Navarro, Frenk and
White) lensing model. The results show the gravitational lensing mass distribution can be reconstructed
reasonably by our new method and the source position can be calculated accurately. Our new method
provides a flexible and efficient method for gravitational lensing mass reconstruction.

Key words gravitational lensing: strong gravitational lensing, gravitational lensing: weak gravitational
lensing, dark matter halo: mass distribution
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